Background and Aim: Alzheimer disease (AD) is the most common cause of dementia. Currently, there is no disease-modifying therapy for AD. We aimed to evaluate the long-term efficacy and safety of MLC601 in the treatment of AD. Methods: In this open-label extension study, patients with mild to moderate AD according to DSM-IV criteria were recruited. Patients received MLC601 capsules 3 times a day for 4 years. Cognitive function was assessed every 6 months using Mini-Mental State Examination (MMSE) and Alzheimer's Disease Assessment Scale-Cognitive Subscale (ADAS-Cog) scores. Safety profiles, including adverse events (AEs), and treatment-related abnormality in laboratory tests were also reported. Results: Of a total of 122 patients, 105 completed the study. The mean age was 66.8 ± 6.3 years at the beginning of the study. Sixty-five (61.9%) were female. The mean (±SD) change in MMSE and ADAS-Cog scores at the end of the study was 2.1 (±3.8) and -5.1 (±8.7), respectively. Repeated measure analysis revealed a statistically significant change in both scores (p < 0.001). No patient left the study due to an AE. No abnormality was noted in lab tests. Gastrointestinal symptoms were the most commonly reported AEs. Conclusion: The efficacy of treating AD patients with MLC601 over 4 years has been demonstrated in the present study. Overall, it seems that the safety and efficacy of MLC601 is promising compared to currently prescribed treatments.
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Introduction
Alzheimer disease (AD) is the most common cause of dementia, accounting for almost 70% of the cases. The prevalence of AD also continues to rise. Thus, it has been estimated that due to increased life expectancy the number of patients with memory loss will reach 131.5 million worldwide by the end of 2050 [1, 2] . While our knowledge regarding the pathogenesis of AD has increased during the past decade, our treatment options are still confined to only a few drugs. Currently, acetylcholinesterase inhibitors (AChEIs) are widely used and accepted as a treatment for AD. AChEIs have been used to slow the progression of cognitive decline in AD, and some improvement has been reported on cognition scores [3] , but they cannot cure AD. Some believe that they only provide symptomatic relief for a short period without reducing or halting pathological hallmarks of AD, including formation of neurofibrillary tangles and amyloid plaques. Also, AChEIs are well known for inducing cholinergic side effects [4] [5] [6] , which could be severe as confirmed in a recently published drug surveillance survey analyzing national databases in the US and Canada [7] . Consequently, new treatments which can prevent or delay the onset of AD, or which can slow the progression of this disorder, are needed [8] . MLC601 (NeuroAiD TM , Moleac Pte. Ltd., Singapore) is a natural medicine which contains both herbal and animal products, and it has been reported to have both neuroprotective and neuroregenerative properties [9, 10] . The present study was carried out to evaluate the long-term efficacy and safety of MLC601 in patients with mild to moderate AD. The rationale behind this study is supported by current evidence on the long-term efficacy of MLC601 in poststroke recovery, by positive results in the treatment of dementia and minimal cognitive impairment [11] [12] [13] [14] , and by the possible role of MLC601 in the modulation of the amyloid precursor protein and in decreasing tau phosphorylation [15, 16] . Therefore, we speculate that treatment with MLC601 could be beneficial to patients at early stages of AD.
Methods
This was an open-label extension study evaluating the efficacy and safety of MLC601 in patients with mild to moderate AD. Inclusion and exclusion criteria have previously been described [13] . Inclusion criteria were age above 50 years, a diagnosis of AD according to DSM-IV criteria, mild to moderate AD with Mini-Mental State Examination (MMSE) scores ranging from 10 to 24, and nonresponders to rivastigmine. Exclusion criteria were as follows: uncontrolled diabetes mellitus, hypertension, unstable cardiac disease, severe obstructive pulmonary disease, renal or hepatic failure, and/or other life-threatening conditions, as well as any other causes of cognitive impairment. After completion of our previous study [13] in which subjects had been treated with MLC601 for 18 months, recruited patients were prospectively followed to assess the efficacy and safety of MLC601 in the long term. Patients received MLC601 capsules (NeuroAiD TM ; 0.4 g per capsule) 3 times a day. Efficacy was determined by evaluating cognitive function using the Alzheimer's Disease Assessment Scale-Cognitive Subscale (ADAS-Cog) and the MMSE. Assessments took place every 6 months up to 4 years. Patients who failed to come for any of the follow-up visits were excluded from the study. Adverse events were also recorded at each follow-up visit. Furthermore, abnormal findings in physical examinations or lab tests, including complete blood count, liver function tests, and renal function tests, were documented. Neurologists performed evaluations as well.
The MMSE is widely used to evaluate cognitive function. It examines multiple domains, and its score ranges from 0 (severe impairment) to 30 (no impairment) [17] . The ADAS-Cog is also one of the most popular measures for AD. It contains 11 tasks, and its score ranges from 0 to 70 with higher scores indicating increased severity of the condition [18] . MLC601 is a traditional Chinese medicine, and it is composed of both animal (0.0665 g Hirudo, 0.0285 g Cornu saigae tataricae, 0.095 g Mesobuthus martensii, 0.0665 g Eupolyphaga seu steleophaga, and 0.0285 g Calculus bovis artifactus) and herbal (0.114 g radix Paeoniae rubrae, 0.57 g radix Astragali, 0.114 g radix Salviae miltiorrhizae, 0.114 g rhizoma Chuanxiong, 0.114 g radix Angelicae sinensis, 0.114 g radix Polygalae, 0.114 g Prunus persica, 0.114 g Carthamus tinctorius, and 0.114 g rhizoma Acori tatarinowii) products [9] .
The study protocol was approved by the Ethics Committee of Shahid Beheshti University of Medical Sciences. It was also in accordance with the Helsinki Declaration and its later amendments. Patients or their caregivers gave their informed consent before participating in this study, and patients were allowed to leave the study without any concern regarding receiving treatment from their physicians. Data analysis was performed using SPSS 18.0, and descriptive data were reported as means ± standard deviations. When appropriate, repeated measures analysis was conducted to interpret data. A p value < 0.05 was considered statistically significant.
Results
Of a total of 122 patients, 105 completed the study. Nine patients left the study due to personal reasons, and 8 patients dropped out due to cerebrovascular accident (3 patients), myocardial infarction (2 patients), pneumonia (2 patient), and a car accident (1 patient). The mean age was 66.8 ± 6.3 years at the beginning of the study. Sixty-five patients (61.9%) were female, and 40 patients (38.1%) were male. The mean scores for both the MMSE and ADAS-Cog remained almost the same during the first 5 visits and then changed gradually towards a worsening in disease severity ( Table 1) .
The mean (±SD) change in MMSE and ADAS-Cog scores at the end of the study was 2.1 (±3.8) and -5.1 (±8.7), respectively. Repeated measure analysis revealed a statistically signif- Adverse events were reported in 18 patients, and they were mild in severity. No patients discontinued therapy due to adverse events related to the study treatment according to the investigators' opinion. Gastrointestinal symptoms were the most commonly reported adverse events. Table 2 summarizes adverse events in the study group. Additionally, no abnormalities were noted in lab tests.
Discussion
Limited data are available on the efficacy and safety of MLC601 in the treatment of patients with AD. This is the first study evaluating the long-term benefits of MLC601 in patients with mild to moderate AD. Our results show that MLC601 is a well-tolerated therapy with mild and temporary adverse events. However, the efficacy of the therapy tends to decline over time. It is worth noting that during the first 2.5 years of the treatment, patients experienced almost no worsening of their cognitive function. Combining the results of the current report and of our previous study with the same group of patients demonstrates the promising effect of MLC601 in slowing the progression of AD to more severe types. Therefore, patients with a mild to moderate form of AD would benefit from an early treatment with MLC601 which is more tolerable compared to conventional AChEIs.
To the date of this article's publication, no study has evaluated the long-term efficacy and safety of MLC601 in patients with AD. Therefore, a comparison of the findings of this report to other studies is not possible. Also, in the current literature, only a few studies have reported the efficacy of AChEIs, as an approved treatment for AD, in the long term. In an open-label phase 3 extension study by Doody et al. [19] , 763 patients with mild to moderate AD were treated with donepezil. After 3 years of treatment, the cumulative mean change in ADAS-Cog scores from baseline was around 10 in the donepezil 5 mg/day group and 12 in the donepezil 10 mg/day group. However, the number of patients who discontinued treatment was low (128 patients). Comparing our findings to the results of that study, MLC601 showed a better outcome (2.7 points change in the mean ADAS-Cog scores) in the same time period. The authors also reported transient and tolerable adverse events with no need for adjustment of the treatment dosage. Adverse events happened in 95% of the patients, and they were mostly related to the nervous system and the digestive system. Urinary tract infection, accidents, pain, agitation, and diarrhea were the most frequently reported adverse events [19] . In comparison, the safety profile of MLC601 in our study is superior to donepezil. This is because a much lower number of patients reported adverse events in our study, and the prevalence of the nervous system-related symptoms was considerably lower.
In another study, 37 patients with mild to moderate AD received rivastigmine for up to 234 weeks [20] . Two-thirds of the patients were still enrolled in the study at the end of the follow-up period. The authors reported that the mean ADAS-Cog scores during the study were 24.66, and the mean change in ADAS-Cog scores from the baseline was around 8 points (interpreted from the presented figure in the article). Seven patients left the study due to adverse events, and 1 patient cited treatment failure as the reason for termination. The authors conclude that rivastigmine is a well-tolerated therapy with long-term efficacy in AD patients. However, compared to our findings in the present study, their results are inferior both in terms of effectiveness and safety. Overall, the mean change in ADAS-Cog scores, in our study, was 5.1 versus 8 in their study. Also, no patient left our study due to adverse events related to study treatment [20] .
The encouraging efficacy of MLC601 is probably due to its role in the modulation of the amyloid precursor protein. It is also worth mentioning that MLC601 has been suggested as an alternative option for the treatment of AD and poststroke dementia [15] . Animal studies have also shown that MLC901, the herbal-only version of MLC601, has neuroprotective and neurorestorative properties. MLC901 decreases cognitive impairment following traumatic brain injury, and with its proneurogeneic effects, it increases the number of mature neuron cells in the hippocampus [21, 22] . MLC901 also decreases tau phosphorylation at epitopes, which is associated with neurofibrillary tangle formation in AD [16] . In our previous study, we compared MLC601 with 3 conventionally prescribed AChEIs, including donepezil, rivastigmine, and galantamine. Over 16 months of the study, the mean change in MMSE and ADAS-Cog scores was not different between the treatment groups (p = 0.92 for MMSE and p = 0.87 for ADAS-Cog). The present study demonstrated that in a short follow-up period, the efficacy of MLC601 in patients with mild to moderate AD is equal to AChEIs [12] . The safety profile of MLC601 in our study confirms the finding of previous studies which reported transient, tolerable adverse events of MLC601. It is also worth pointing out that in the present study, as in previous reports, gastrointestinal symptoms were the most common adverse events of MLC601 [9, 12, 13, 23, 24] .
There are several limitations as well as several strengths to our study. Having a relatively large population, a long duration of the follow-up, and detailed inclusion criteria are obvious strengths of this report. Limitations of the current study include lack of a placebo group, which could lead to an overestimation or underestimation of the efficacy of MLC601. Also, a heterogeneous pattern of disease severity in the present study makes detecting the efficacy of MLC601 challenging and drawing reliable conclusions difficult. In open-label studies, patients with good responses may continue their treatment, and the results of these studies may not represent whether the treatment is effective or not. Furthermore, only cognitive outcomes were evaluated in our study, so cognitive benefits of MLC601 cannot be extended to noncognitive domains. It is also worth mentioning that the cognitive batteries utilized in the present study have also been shown to have drawbacks in patients with AD. Therefore, randomized, placebo-controlled trials based on disease severity with a larger sample size, different cognitive batteries, and shorter intervals of follow-up visits are required to replicate the results of the pesent study.
Conclusion
The benefits of treating patients with mild to moderate AD with MLC601 over 4 years have been demonstrated in the present study. Overall, the efficacy of MLC601 is comparable to the efficacy of AChEIs, while it is better tolerated. Also, further studies on this population using a randomized controlled trial design are needed to validate the outcomes of this study.
